The present work concentrates on the preparation of AA6063-SiC metal matrix composites and analysis of wear properties using the hybrid Taguchi-GRAWeight method. AA6063 al-alloy matrix composites were prepared by liquid metallurgy stir casting process by varying the weight fraction of SiC particles in steps of 3.5 weight percentage. The SiC particles of average particle size 37 μm were varied in three steps viz, 3.5, 7, and 10.5%. The experiments were performed in accordance with the L 27 Taguchi orthogonal array to get the wear data in a controlled manner. Effect of three process parameters, Load (N), Sliding distance (m) and wt. % of SiC on the quality characteristics wear and frictional force in non lubricated dry slippery states was analyzed by using pin-on-disc wear and friction monitor. The optimum level of process parameters was obtained by using GRA for multiple quality characteristics. ANOVA was used to analyze the effect of individual process parameters on wear and frictional force. The experimental outcomes confirmed that the wear behavior of the prepared composites enhanced under optimal trial states. The wear examination results detailed that lower load of 20 N and moderate weight percentage (7 wt. % SiC) and sliding distance (1,046 m) produced minimum wear in the fabricated matrix composites. The optical microscopic analysis of the worn out 
PUBLIC INTEREST STATEMENT
AA 6063 is an aluminum alloy, with magnesium and silicon as the major alloying elements. It has generally good mechanical properties and is heat treatable and weldable. This alloy has excellent tensile strength ranging in between 130 and 190 MPa. AA6063 is highly corrosion resistant material and is well suited for many applications. It allows complex shapes to be formed and so is popular for visible architectural applications such as window frames, door frames, roofs, and sign frames. It is widely used in the fabrication of irrigation pipes and railway parts. The incorporation of ceramic material like SiC into the matrix alloy AA6063 enhanced the mechanical and wear properties to a great extent. The pin-on-disc wear examination is useful for the various sectors dealing with improving the tribological performance of mechanical components. The outcome of this investigation is likely to shed some light on various issues related to the wear behavior of aluminum alloy AA6063 reinforced with ceramic agents.
Introduction
Metal matrix composites reinforced with ceramic reinforcements have a wide range of applications in aerospace, automobile, structural components, smartphone sector and defense area. Monolithic aluminum alloys have limitations in achieving good combinations of mechanical properties. Metal matrix composites are produced to overcome these shortcomings and to encounter the world-wide desire for lightweight materials escorted by elevated specific strength, high wear resistance and better stiffness properties (Adamiak, 2006; López, Scoles, & Kennedy, 2003; Tokaji, 2005) . The aluminum matrix series like 2xxx, 5xxx, 6xxx, and 7xxx have numerous applications in aerospace, defense instrument, architectural and structural components, automobile, sports goods, and ship building (Adamiak, 2006; Khan, Kutty, & Surappa, 2006; López et al., 2003; Tokaji, 2005) . Metallic matrix composites are a combination of two or more chemically and physically distinct phases of metals, intermetallic compounds in which the dispersed phases are embedded within the metallic matrix to impart properties that are not achievable from the discrete phases. For the production of metal matrix composites, several types of fabrication techniques are in use. The well known liquid metallurgy stir casting process is the most recognized and appropriate technique used in the processing of AMCs (Adebisi, Maleque, Ali, & Bello, 2016) . The several types of carbides, borides, nitrides and oxides in the form of particles and fibres (continuous or discontinuous) like aluminum oxide, silicon carbide, boron carbide, titanium carbide, titanium dioxide, titanium diboride, magnesium oxide, silicon nitride etc. can be used as reinforcement phase into the matrix phase to form metal-matrix composites (Ipek, 2005; Kerti & Toptan, 2008; Lee, Ahn, & Kwon, 2001) . The SiC particles which are very hard and brittle ceramics possess superior and excellent mechanical properties like high strength in tension and compression, good fracture toughness, high hardness number (2500 VPN), great modulus of elasticity, high wear resistant and superior elevated temperature properties which makes it one of the favorable reinforcement agent for many aluminum-alloy based metal-matrix composites (East, 1988) . The inclusion of the reinforcement agents into the matrix alloy phase definitely enhanced the mechanical and microstructural properties of the resulting composite materials as compared to the individual monolithic matrix alloy (Singla, Chhibber, Bansal, & Kalra, 2015) . For example, the incorporation of particulate TiB 2 in metal matrix AA6063 has shown increased value of tensile strength (increased 1.23 times from 155 MPa to 191 MPa) with a decrease in percentage elongation as compared to the monolithic 6,063 Al-matrix (Zhang et al., 2015) . At higher vol. percentage of reinforcement agents such as 9 and 12 vol. percentage of SiC a remarkable enhancement in the strength of aluminum alloy 6,063 composites was observed without any adverse effect on the ductility of the composites as compared with the monolithic aluminum alloy (Alaneme & Aluko, 2012) . It was investigated that the wear performance of silicon nitride sliding against itself in water showing the low coefficient of friction and low wear. The wear of silicon nitride in water occurs mainly due to the tribo-chemical dissolution of material without the release of the solid particle (Xu & Kato, 2000) . The pin-on-disc dry sliding wear tests were performed with Si3N4 and CoCr disc against Si3N4 and Al2O3 ball in the presence of phosphate buffered saline (PBS) and bovine serum. Si3N4 sliding against Si3N4 showed low wear rate in both PBS and bovine serum comparable to other pairs (Olofsson et al., 2012) . The wear tests were conducted to analyze the wear performance of AA6061 based composites reinforced with SiC/Red-mud/Al 2 O 3 . It was detailed that the wear rate starts decreasing with the increase in wt. % of SiC and Al 2 O 3 in the fabricated composite, but in the case of red mud as reinforcement, the wear rate of the composite decreases with the incorporation of red mud up to 7.5 weight percent only. Beyond the 7.5 weight percentage red mud composition as reinforcement, the wear rate starts to increase (Singla et al., 2015) .
The wear performance of AA6061 + SiC composite when subjected to normal applied load and temperature demonstrated that wear rate lessens with expansion in applied load (Yu, Ishii, Tohgo, Cho, & Diao, 1997) . The dry sliding wear examination of al matrix alloy strengthened with silicon carbide whiskers (from 0 to 16%) detailed that the wear rate of the manufactured composite decreases with the increment in vol. % of SiC whiskers into the matrix compound (Iwai, Yoneda, & Honda, 1995) . It was reported that the grating wear rate of AA2124 composites reinforced with SiC particles was increased with increase in applied normal loads. The matrix composites reinforced with SiC particles demonstrated higher wear rate than those reinforced by Al 2 O 3 particles because of the higher hardness of SiC abrasives (İzciler & Muratoglu, 2003) . It was observed that AA2104 matrix composites reinforced with Al 2 O 3 particles have shown lower wear rate for all experimental states than the unreinforced AA2104 matrix alloy. The work hardening phenomenon experienced by matrix phase and the dispersion of hard SiC agents was responsible for low wear rate (Modi, 2001) . In many experimental cases, we regularly need to manage multi-objective problems, which might be greatly associated with each other. The conventional Taguchi strategy can't solve multi-response optimization problems. The Taguchi strategy combined with grey relational analysis might be utilized to defeat this issue. Taguchi based multi-objective grey relational analysis (GRA) was successfully implemented to optimize the process parameters like T on, T off, SV, IP, WF, WT in the WEDM process to analyze their effect on the quality characteristics (Kumar & Singh,2016) .
The Taguchi strategy was utilized to explore the grating wear conduct of AA2024/Al 2 O 3 matrix composites under various experimental states. The results demonstrated that reinforcement particle size and grating grain size were observed to be the most affecting parameter on grating wear. The wear rate found to be decreased with increase in Al 2 O 3 particle size and sliding distance (Kök, 2011) . The dry sliding wear conduct of Al-Si7 Mg composites strengthened with graphite and 10% SiC particles was investigated using CCD approach. Utilizing central composite plan, the impact of % fortification, sliding velocity, sliding distance and normal load, on stir cast AA + graphite, AA + SiC composite, and AA + SiC + Gr hybrid composites were examined. The results demonstrated that hybrid composites displayed better wear qualities (Suresha & Sridhara, 2010) . The wear execution of electroless Ni-P coatings was analyzed and optimization of the wear test variables utilizing Taguchi technique combined with grey relation analysis was performed. GRG (grey relational grade) acquired from GRA (Grey relational analysis) has been applied as a performance indicator to examine the conduct of electroless Ni-P coating regarding friction and wear qualities (Sahoo & Pal, 2007) .
Taguchi experimental approach is selected for the robust and sophisticated design. As compared to traditional designs Taguchi method gives an easy, systematic and managed approach by minimizing the experimental time and cost of experiments for the optimization of the design factors (Montgomery, 2001) . Taguchi experimental plan basically utilizes two important tools (i) S/N (signal to noise) ratio which lessen quality characteristic variation due to unmanageable factors. (ii) Orthogonal array which occupies the design factors for experimentation. The key part is the selection of process parameters in the design of experiment approach. According to Taguchi, optimizing a process is not sufficient: making processes and products more robust to quality issues and environmental noises is crucial. In this strategy, designed experiments clearly play a central role.
In this paper grey relational analysis coupled with the weight of response characteristics was utilized to inspect the wear performance of the prepared composites. The experimental runs have been performed in accordance with the L 27 Taguchi orthogonal array. Investigations were carried out for AA6063/3.5% SiC, AA6063/7% SiC and AA6063/10.5% SiC composites. Process factors chosen in this work were load, sliding distance and wt. % SiC. Investigation of the optimum setting of these process variables was the main objective. ANOVA was applied to obtain the contribution of each variable on the quality characteristics. Worn surface morphology examination has been carried out by using optical microscopy to analyze the wear mechanism.
Material and experimentation detail

Fabrication of AA6063/SiC p AMC
The modified two-step liquid metallurgy processing technique (stir casting process) has been employed for the fabrication of proposed AA6063-SiC composites. Weighed amount of AA6063 was melted at 810°C in a digital temperature controlled top loading electric resistance furnace using a graphite crucible. After entire melting of al-alloy preheated (in a separate furnace at 900°C) SiC particles in the form of very small packets (enveloped in aluminum foil) were charged into the molten slurry and mechanical stirring at 450 rpm was employed to form a fine vortex (Hashim, Looney, & Hashmi, 1999; Sevik & Kurnaz, 2006) . Magnesium metal powder (1% by wt.) was mixed into the melt during vortex stirring to improve the wettability between al-alloy and silicon carbide particles. Mechanical stirring of the molten slurry was employed using an SS impeller comprises four blades covered with alumina powder for 15 min at an average speed of 450 rpm to ensure the complete mixing of the reinforcement SiC particles into the melt. Two-step stirring procedure was employed to ensure a thorough mixing and to overcome problems of agglomeration. The composite slurry at this stage was reheated at temperature 750 ± 30°C, as the temperature lowers down during stirring. At this time mechanical torque was again applied by stirrer and the composite slurry was rotated for 5 min at the same average speed. The Composite samples of different wt. % (3.5%, 7%, 10.5%) were obtained by pouring the mixture slurry into preheated (at 250 deg. Celsius) cast iron mold at a pouring temperature of 720°C and let to cool at room temperature. The OM and SEM images of fabricated AA6063/7% SiC p matrix composite are shown in Figure 1 
Wear examinations
The composite samples (3.5, 7 & 10.5% weight fraction) have been subjected to sliding wear examinations in non lubricated dry slippery conditions performed on a pin-on-disc wear and friction monitor machine as shown in Figure 3 [DUCOM (TR-20LE)]. The counter-face disc is made of EN-31 steel with a hardness value of 62HRC. The disc has 100 mm diameter and10 mm thickness. The standard test samples of size 32 × 6 × 6 mm as shown in Figure 4 were gripped against the counter-face disc. The test samples prior to the start of wear test have been fine polished with 600-grit size emery paper to make flat face to be pressed against the counter-face disc. The steel disc and test samples were then cleaned thoroughly with acetone to maximize the accuracy of the wear data acquired. The composite specimens were subjected to dry sliding wear tests at room temperature in accordance with Taguchi analysis L 27 (Kandpal, Kumar, & Singh, 2017) design matrix as appeared in Table 2 . The input process factors selected during wear conduct at three levels are mentioned in Table 1 . To acquire error-free data the samples were polished after each run. The LVDT arrangement with accuracy of 1 μm during the wear test continuously acquired the wear data in terms of length in micrometer (height loss of the specimens in micrometer). The wear displacement sensor permits for acquiring direct readings of the deflection due to load lever, which is analogous to the wear of the specimen. The wear behavior is usually expressed in terms of wear volume or weight loss [Wear rate 
Taguchi experimental plan
Taguchi experimental approach is selected for the robust and sophisticated design. As compared to traditional designs Taguchi method gives an easy, systematic and managed approach by minimizing the experimental time and cost of experiments for the optimization of the design factors (Montgomery, 2001) . A factorial design could be used but the main drawback of a fractionated design is that some interactions may be confounded with other effects. It is important to consider carefully the role of potential confounders and aliases. Failure to take account of such confounding effects can result in erroneous conclusions and misunderstandings. While Taguchi's designs are usually highly fractionated, this makes them very attractive and the interactions effect can be analysed effectively. When using a Taguchi design, we can guess which interactions are most likely to be significant even before any experiment is performed. 
Results and discussion
Dry sliding pin-on-disc wear analysis
The principal objective of the present study was to minimize the wear performance characteristics, wear (μm) and frictional force (N) for casted composite matrix AA6063/SiC p using the Taguchi-GRAWeight method. The lower values of wear and frictional force produce better wear performance. The raw data for the two performance characteristics are given in Table 2 . This raw data has been utilized to calculate the grey relational coefficients and grey relational grades after processing normalization and deviation sequence. In this study both the quality characteristics are of smaller-is-better type. Equations (1) and (3) have been used to calculate normalized values and deviation sequence respectively as appeared in Table 3 . The grey relational grade (GRG) was obtained by introducing the weight value of each performance characteristics. The higher value of grey relational grade showed that the corresponding experimental results were closer to the optimum value. 
Grey relational analysis
GRA was created by Deng in (1982) . GRA works like a discovery idea where known and obscure components are assembled to get the optimum level of the responses. GRA utilizes normalization of values to compute GRC (grey relational coefficients) and GRG (grey relational grade). It computes the optimal process level and ANOVA is connected to forecast the optimal level of grey relational grades.
The steps used in normalization calculation (using Table 2 The grey relational coefficients after data processing were calculated with the particular deviation calculations as given in Equations (3) and (4) (Çaydaş & Hasçalık, 2008; Deng, 1982) .
The deviation sequence (using equation 3) for exp. No. 1 is calculated as given below:
Where Δ oi k is deviation sequence of original reference sequence of X * o (k) and compatibility sequence X o i (k); i (k) denotes the grey relational coefficient (GRC) and ψ is distinguishing coefficient and is usually taken 0.5 when equal weightage is given to the process parameters. The Grey relational coefficients (GRC) for all experimental runs of the L 27 orthogonal array as appeared in Table 3 have been computed using Equation (4). The example calculation for GRCs (using Equation 4) for experiment No. 1 is given below:
261.35 − 160.25 261.35 − 97.25 = 0.6159 
GRG computation
In the final step of computation, the grey relational grade has been calculated using equation (5) In equation (8) i denotes GRG of ith experiment and W 1 , W 2 denotes weight assigned. The higher value of grey relational grade showed that the corresponding experimental results were closer to the optimum value or normalized value. GRG of each experimental run using L 27 orthogonal array are presented in Table 4 . The highest GRG value indicated that the corresponding test result was closer to the ideally normalized value. In case of equal weight (i.e. W 1 = W 2 = 0.5) and when Wear was assigned a minimum weight (i.e. 0.3), Frictional Force (FF) was assigned a maximum weight (i.e. 0.7), then the ninth experimental run produced the highest grey relational grade (GRG) value. The sixth experimental run produced the highest GRG value when Wear was assigned a maximum weight (i.e. 0.7) and Frictional Force (FF) was assigned a minimum weight (i.e. 0.3). The highest grey relational grade values are shown by bold and highlighted text in Table 4 .
Evaluation of optimal combination of input process factors and ANOVA implementation
To estimate the optimum level and percentage contribution (PC) of each process parameter, the Taguchi analysis was performed using the GRG values. The analysis of variance (ANOVA) has been applied to compute the most significant factor to the process parameter-level response (Rajeswari, Amirthagadeswaran, & Anbarasu, 2015) . The main effects Table, ANOVA Table and main effects plot (when equal weight 0.5 was assigned to both responses) as appeared in Table 5, Table 6 and Figure  5 respectively depicts the optimal level (in bold underlined text Table 5 and Figure 5 ) and percentage contribution (PC) of each process parameter (Table 6 ). The optimal parameter set is described as L 1 SD 2 W 2, which means Load at 1st level (20 N), Sliding Distance at 2nd level (1,046 m) and Wt. % SiC at 2nd level (7wt. %). The main effects plot which clearly justifies the optimal parameter setting is shown in Figure 5 . The ANOVA Table 6 clearly indicates that Wt. % SiC is the most influencing parameter (PC = 43.88) followed by Load (PC = 24.43) and Sliding distance (PC = 3.84) in enhancing the wear performance of the prepared composites. The effect of the significant parameters has been considered to predict the optimal value of every response characteristic. The residual plots were also considered to assess statistic for the issues like non normality, non-random variation, non constant variance, higher-order relationships, and outliers. From Figure 6 it can be analyzed that the residuals follow an approximately straight line in normal probability plot, and an approximate symmetric nature of histogram indicates that the residuals are normally distributed. Residuals possess constant variance as they are scattered randomly around zero in residuals vs. the fitted values. Residuals exhibit no clear pattern in residual versus order plot, thus there is no error due to time or data collection order.
Confirmation experiment
The results obtained at optimum process parameter setting have been validated through confirmation experimental runs. To get the average values three confirmation experiments were performed
i GRG = 0.5 * 0.5656 + 0.5 * 0.4615 = 0.5135
for every quality characteristics (Wear and Frictional Force). The predicted mean value of GRG at optimum level of parameter setting was computed by using equation (6). The estimated values for multi-response optimization at optimum level of parameter setting were confirmed through confirmation experimental results as presented in The 95% confidence intervals of confirmation experiments (CI CE ) and of the population (CI pop ) are computed by using the Equations (7) and (8). The comparison between actual GRG and predicted GRG values is shown in Figure 7 .
(Using Table 5 and Table 6 ; when W 1 = W 2 = 0.5)
Where ̂ predicted mean GRG value, γ m total mean of GRG, γ i mean GRG at optimum level, v-No. of process parameters.
= 0.5696 + .6698 − .5696 + .5996 − .5696 + .6544 − .5696 = 0.7846 Calculation for CI CE and CI pop using Equations (7) and (8) V e = Error variance = 0.007860 (Table 6) fe = Error DOF = 20 (Table 6) F 0.05 (1, DOF associated in the estimate of mean response = 6 (Table 6) where, Fα (1, fe) is the F ratio at confidence level of (1-α) against DOF 1 and error degree of freedom fe, R is the No. of confirmation runs (R = 3), N is total No. of results (N = 27 × 3 = 81), V e is error variance and n eff = N/1 + DOF associated in the estimate of mean response. Therefore, the predicted confidence interval CI CE and the 95% confirmation interval CI POP of the predicted mean for confirmation experiments is: 
Worn surface morphology
The optical microscopic examination of the worn surfaces of AA6063 matrix composite wear test samples at different conditions has been shown in Figure 8(a-c) . During the wear testing as the matrix composite surface makes contact with the rotating disc wear progresses by the grooving action. A lot of scratches and cracks were seen on the worn surfaces due to primary abrasive wear mechanism. In the optimized conditions, the formation of fine grooves and fine layers (Figure 8(a) ) has been observed. The optimal parameter set is described as load at 1st level (20 N), sliding distance at 2nd level (1046 m) and weight percentage at 2nd level (7wt. % SiC). For the optimal parameter set less material removal rate was observed. At lower load (20 N), it was observed that the contact pressure on the pin surface was low (Ambigai & Prabhu, 2017) . As a result of it, less amount of heat has been generated in between the pin surface and counterface disc. The shearing effect was also minimized at lower load. The combined effect of low heat generation and less shearing resulted in less material removal rate from the pin surface.
In serious wear conditions, the matrix composite observed heavy scratches and scars. The deep grooves and ploughing action have been seen (Figure 8(b) and (c) ). These grooves have been produced due to the plastic flow of matrix material prompted either because of the cutting or ploughing effect of the presence of hard and stiff SiC reinforcement agents (Figure 8(b) and (c) ). Figure 8 (c) depicts that at higher normal applied load of 40 N intense plastic deformation has been appeared on the ductile matrix surface and therefore the material removed from wear surface due to ploughing and shearing effect. The hard SiC particles at higher load sheared the material from the wear surface. In this situation, large flakes have been produced and kept along the wear path for a long time. Because of heat generation, these flakes have been exposed to intense plastic deformation and expend over the wear surface. High material removal rate was observed at 40 N normal applied load, 1,570 m sliding distance and 3.5 wt. % SiC. This was due to the more dislodgement or removal of SiC particles at higher load and large sliding distance. The removal or dislodgement of SiC particles has been observed as shown in Figure 8 (c). These dislodged particles act as an abrasive material and increased the material removal rate from the pin surface.
Effect of process parameters on wear behavior
The effect of different process parameters on the output response characteristics in terms of grey relational grade (GRG) has been shown in Figure 5 and Table 5 . The GRG reflects the impact of Load, Sliding distance (SD) and Wt. % SiC on the output response characteristics. The effect of each process factor of wear behavior on the grey relational grade at different levels can be separated out and the optimal level is described. The larger GRG value corresponds to the high-quality performance. From the main effects table and main effects plot for GRG (Table 5 and Figure 5 ), the optimal set of the process parameter is described as L 1 SD 2 W 2 . This optimal set of the process parameter is explained as Load at 1st level (20 N), Sliding distance at 2nd level (1,046 m) and Wt. % SiC at 2nd level (7%). The ANOVA table (Table 6 ) clearly indicates that wt. % SiC is the most influencing parameter followed by load and sliding distance towards the process optimization.
The effect of individual parameters on dry sliding wear performance has been presented in Figure  5 . It is observed from Figure 5 that with an increase in normal load a decrease in GRG value is listed. When the load was increased from 20 to 40 N the GRG value decreased which resulted in poor wear performance. Due to increase in load, the contact pressure on the sliding surface increased which resulted into more wear at increased load. At higher loads, the amount of heat generation increased and plastic deformation takes place at the pin surface which resulted into more material removal rate and adversely affected the wear performance. The formation of lots of pits, dislodgement of SiC particles and non uniform tribolayer was observed at higher load (40 N) which resulted in higher wear as shown in Figure 8 (c). While at lower load due to low contact pressure the contact area was less and few points of the pin surface would be in contact with the disc, which resulted in less material removal rate (Ambigai & Prabhu, 2017) . The formation of some fine grooves and fine layers have been seen on the worn surface at lower load (20 N) as shown in Figure 8 (a). The wear performance of the composites has been found to be satisfactory at lower load (20 N).
The sliding distance has been observed the least influencing parameter having 3.84 percentage contribution towards the process during dry sliding wear behavior. The Figure 5 revealed that the GRG value increased with increase in sliding distance. As the sliding distance increased from 523 to 1,046 m the sliding time also increased. As a result of it, the self-lubrication phenomenon (Ambigai & Prabhu, 2017 ) (formation of the tribolayer) and clogging of wear debris between pin and counterface disc arises. The formation of tribolayer was gradually increased up to 1,046 m sliding distance and then it stabilized. The combined effect of weir debris and thin tribolayer leads to the formation of mechanically mixed layer which reduced the material removal rate from the specimen surface and enhanced the wear performance of the composite.
The weight percentage of SiC reinforcement particles has been observed the most significant parameter having 43.88% contribution towards the process during dry sliding wear behavior. The wear performance of the cast composites enhanced with the increase in wt. % of SiC reinforcement particles up to 7% weight percentage of SiC particles as shown in Figure 5 . It was observed that the GRG value increased up to 7 wt. % SiC and then decreased. This is attributed to the homogeneous distribution of SiC particles in case of AA6063/7% SiC fabricated matrix composite. The inhomogeneous distribution and segregation of SiC particles beyond 7wt. % reinforcement resulted in a decrease in hardness of the composite matrix. The existence of these hard SiC particles increased the wear resistance characteristic of the composite (Ambigai & Prabhu, 2017) . The increase in weight percentage of SiC particles up to 7wt. % SiC reinforcement in the matrix alloy increased the hardness of the alloy which reduced the material removal rate in the composite matrix. This property of the reinforcement agent improves the wear performance of the cast composites.
Conclusions
The integrated Taguchi-GRA-Weight method for the optimization of wear performance of AA6063/ SiCp matrix composites has been carried out successfully. The optimal level of the process parameters is obtained and confirmation experiments are performed to justify the results. The outcomes of this work can be summarized as:
(1) The optimal parameter setting (L 1 SD 2 W 2 ), when Load at 1st level (20 N), Sliding Distance at 2nd level (1,046 m) and Wt. % SiC at 2nd level (7wt. %) produced the best results during simultaneous optimization of Wear and Frictional Force (when W 1 = W 2 = 0.5). The predicted value of GRG at optimal parameter setting was found within the 95% confidence interval level. An improvement of .0083 in GRG value was observed.
